INTRODUCTION {#sec1-1}
============

The production of contaminated aerosol and splatter is one of the major concerns in the dental environment. Even though a multitude of dental procedures can generate a contaminated aerosol, the most intense aerosol and splatter ejection occurs during the use of an ultrasonic scaler and a high-speed handpiece. Different methods are used to intervene aerosol contamination including usage of personal protective equipment, high-efficiency particulate air room filters, ultraviolet treatment of ventilation system, use of high-volume evacuator and preprocedural rinsing with an antiseptic mouthwash.\[[@ref1]\] Preprocedural rinsing is highly effective in reducing microorganisms in aerosol and numerous agents have been tried to this end.\[[@ref2][@ref3]\]

Chlorhexidine, the most commonly used anti-plaque mouth rinse and local delivery agent, significantly reduces the viable microbial content of aerosol when used as a preprocedural rinse.\[[@ref4][@ref5][@ref6]\] Povidone-iodine (PVP), apart from its use as subgingival irrigant and coolant for ultrasonic scaling is also used as preprocedural mouth rinse.\[[@ref7][@ref8][@ref9]\] *Aloe barbadensis* Miller (Aloe vera \[AV\]), a succulent plant belonging to *Liliaceae* family is well known for its moisturizing, anti-inflammatory, antioxidant, anticancer, antibacterial, antiviral, and antifungal properties.\[[@ref10]\] AV, also known by a number of names such as "the wand of heaven," "heaven\'s blessing," and "the silent healer" is a promising herb with its various clinical applications in medicine and dentistry.\[[@ref11]\] It has shown its potential as an anti-plaque agent and as an agent for local drug delivery.\[[@ref12][@ref13]\]

According to published evidence, AV has not been tried as a preprocedural mouth rinse yet. Being a natural product, it offers many advantages over chlorhexidine or PVP. This study compared the effect of 94.5% AV to 0.2% chlorhexidine gluconate (CHX) and 1% PVP as preprocedural mouth rinse in reducing the aerosol contamination during ultrasonic scaling.

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted from July 2018 to October 2018 and was approved by the Institutional Ethical Committee and Review Board (IEC/M/12/2016/DCK). After obtaining verbal and written informed consent, patients were recruited from the outpatient clinic of the department of periodontics based on the following criteria: (a) above 18 years of age, (b) minimum of 20 permanent teeth, (c) plaque index (PI)\[[@ref14]\] score between 2 and 3 and Oral Hygiene Index-Simplified (OHI-S)\[[@ref15]\] score indicating poor or fair oral hygiene (1.3--6.0), (d) Four or more sites with probing pocket depth (PPD) ≥4 mm, and (e) systemically healthy individuals. Patients with definite contraindication for the use of ultrasonic scaling device, history of systemic or topical antibiotics use within the last 3 months, history of oral prophylaxis or mouth wash use within the past 3 months, with five or more carious lesions requiring an immediate restorative treatment, pregnant women, and current smokers were excluded from the study.

The sample size was 60, taking the mean and standard deviation of number of colony forming units (CFUs) from a previous similar study.\[[@ref9]\] OHI-S, PI, and PPD were recorded for all subjects at baseline. They were divided into three groups (20 patients each) based on the type of preprocedural mouth rinse received as follows:

Group A (CHX): 0.2% chlorhexidine (CHX) (Rexidin^®^, Indoco Remedies Ltd., Aurangabad)Group B (PVP-I): 1% PVP-I (Betadine^®^, Win-Medicare Pvt Ltd, New Delhi-PVP solution IP 10% W/V diluted to 1% using distilled water)Group C (AV): 94.5% AV (AV juice with fibre and orange flavour^®^, Patanjali Ayurved Ltd, Haridwar).

Sheep blood agar plates (Biomerieux India Pvt. Ltd, Mumbai) were used to collect the aerosol produced. They were placed at two standardized locations-one at the patient\'s chest area and the other at operator\'s chest area. The average distance from the patient\'s mouth to agar plates was twelve inches. Ultrasonic scaling was done in the same closed operatory for all subjects as the first case of a day. Only one patient was treated a day. Before the procedure, all the surfaces were cleaned and disinfected with 70% isopropyl alcohol. Personal protective equipment were used for the operator as well as subjects. Distilled water was used as coolant for scaling; it was changed for every case. Furthermore, the water line was flushed at the start of each day for 1 min.

Preprocedural mouth rinse was given for 1 min to all subjects 10 min before the procedure. After keeping the agar plates open at prementioned sites, ultrasonic scaling was done using piezoelectric scaler for 20 min. Power setting, frequency, and water flow were standardized for all the cases as per manufacturer\'s recommendation. Then, the plates were closed, sealed, labeled, and immediately transferred to the department of microbiology for incubation at 37° for 48 h. The number of CFUs on blood agar plates was counted using colony counter (Labtronics microprocessor colony counter) and predominant bacteria were identified by the same experienced microbiologist for every sample. Bacterial identification was done based on colony morphology, hemolysis, Gram\'s staining and by biochemical reaction (Catalase test).

RESULTS {#sec1-3}
=======

Statistical analysis of the collected data was done using SPSS 16 software (SPSS Inc., Chicago, IL. USA). Intergroup comparison of the number of CFUs at both the locations was carried out using ANOVA. Bonferroni correction was used for multiple comparisons. Intragroup comparison between the number of CFUs at two locations was done using independent *t*-test.

Of the total 60 participants, 30 were male and 30 female (age ranged from 18 to 55 years, mean age 37.42 ± 10.3). Clinical parameters-PI, OHI-S, and PPD were comparable at baseline \[[Table 1](#T1){ref-type="table"}\].

###### 

Comparison of baseline clinical characteristics between three groups

  Parameter   Mean±SD     *P*^\*^                 
  ----------- ----------- ----------- ----------- -------
  PI          2.31±0.23   2.43±0.22   2.40±0.21   0.248
  OHI-S       3.80±0.97   3.87±1.03   3.88±1.01   0.962
  PPD         2.74±0.25   2.75±0.30   2.55±0.30   0.063

One-way ANOVA. \*Significant *P*\<0.05. *n* -- Sample size; CHX -- Chlorhexidine; PVP-I -- Povidone iodine; AV -- Aloe vera; SD -- Standard deviation; PI -- Plaque index; OHI-S -- Oral hygiene index-simplified; PPD -- Probing pocket depth; *P* -- Probability

The lowest number of mean CFUs was found in the chlorhexidine group, followed by AV group and highest in the PVP group in both the locations. The mean difference in the number of CFUs between CHX group and PVP-I group and between PVP-I group and AV group was found to be statistically significant (*P* \< 0.05), whereas between CHX group and AV group, it was not significant at both the locations \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\].

###### 

Comparison of the number of colony forming units between three groups at operator's chest area

  Location                 Mean (95% CI)         *P*                   *Post hoc* comparison                                        
  ------------------------ --------------------- --------------------- ----------------------- --------- ----------- ------- ------ ---------
  Opera-tor's chest area   25.25 (23.34-27.16)   81.95 (78.87-85.03)   27.85 (25.03-30.67)     0.001\*   CHX-PVP-I   56.70   1.79   0.001\*
  CHX-AV                   2.60                  1.79                  0.456                                                        
  PVP-I-AV                 54.10                 1.79                  0.001\*                                                      

One-way ANOVA, *post hoc* Bonferroni correction, \*Significant *P*\<0.05. *n* -- Sample size; CHX -- Chlorhexidine; PVP-I -- Povidone iodine; AV -- Aloe vera; CI -- Confidence interval; SE -- Standard error; *P* -- Probability

###### 

Comparison of the number of colony forming units between three groups at patient's chest area

  Location               Mean (95% CI)         *P*                   *Post hoc* comparison                                          
  ---------------------- --------------------- --------------------- ----------------------- --------- ------------ ------- ------- ---------
  Patient's chest area   37.15 (34.62-39.68)   93.75 (90.41-97.09)   40.50 (37.53-43.47)     0.001\*   CHX- PVP-I   56.60   2.004   0.001\*
  CHX- AV                3.35                  2.004                 0.300                                                          
  PVP-I AV               53.25                 2.004                 0.001\*                                                        

One-way ANOVA, *post hoc* Bonferroni correction, \*Significant *P*\<0.05. *n* -- Sample size; CHX -- Chlorhexidine; PVP-I -- Povidone iodine; AV -- Aloe vera; CI -- Confidence interval; SE -- Standard error; *P* -- Probability

Within each group, the mean difference between the number of CFUs at two locations was found to be statistically significant (*P* \< 0.05), with a higher mean number of CFUs at patient\'s chest area \[[Table 4](#T4){ref-type="table"}\].

###### 

Comparison between the number of colony forming units at two locations among the three groups

  Group   Mean difference   SE of difference   95% CI       *P*
  ------- ----------------- ------------------ ------------ ---------
  CHX     11.90             1.51               8.84-14.97   0.001\*
  PVP-I   11.80             2.17               7.40-16.19   0.001\*
  AV      12.65             1.96               8.69-16.60   0.001\*

Independent *t*-test,\*Significant *P*\<0.05. CHX -- Chlorhexidine; PVP-I -- Povidone iodine; AV -- Aloe vera; CI -- Confidence interval; SE -- Standard error; *P* -- Probability

The predominant bacteria identified from the samples were Alpha-hemolytic streptococci, staphylococci, and Gram-negative bacilli. The proportion of different bacteria identified from two locations in three groups is shown in [Figure 1](#F1){ref-type="fig"}.

![The proportion of different bacteria identified from the culture among the three groups](JISP-24-37-g001){#F1}

DISCUSSION {#sec1-4}
==========

Bioaerosols in dental operatory may contain many pathogenic bacteria, viruses, and fungi. As the production of aerosol and splatter cannot be evaded, it is important to adopt methods to intervene aerosol contamination. Preprocedural rinsing with an antiseptic mouth wash is one of the recommended ways.\[[@ref16]\] Chlorhexidine and PVP significantly reduce the viable microbial content of aerosol when used as a preprocedural rinse.\[[@ref3][@ref9]\] Studies have shown that AV mouthwash is equally effective as chlorhexidine in reducing plaque and gingivitis.\[[@ref12][@ref17][@ref18]\] To the extent of our knowledge, there is no published literature on the role of AV as a preprocedural mouth rinse. Hence, the present study compares the effect of 0.2% CHX, 1% PVP, and 94.5% AV as preprocedural mouth rinses in reducing the aerosol contamination by ultrasonic scaling.

There was a statistically significant difference between the three groups in the number of CFUs formed on blood agar plates at both locations \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. As the patients in the three groups had similar oral hygiene and periodontal parameters (PI, OHI-S, and PPD) at baseline \[[Table 1](#T1){ref-type="table"}\], this difference in the number of CFUs can be attributed to the mouth rinse used.

The lowest number of mean CFUs was seen in the chlorhexidine group, followed by AV group and highest in the PVP group in both the locations. This may be due to the excellent broad-spectrum antimicrobial property and unique property of substantivity of chlorhexidine.\[[@ref19]\] Literature is replete with studies that show the effectiveness of chlorhexidine as preprocedural rinse.\[[@ref4][@ref5][@ref6][@ref20]\]

Mean difference in the number of CFUs between CHX group and PVP-I group was found to be statistically significant (*P* \< 0.05). However, randomized controlled trial by Kaur *et al*.\[[@ref9]\] showed similar effects of 1% PVP-I and 0.2% CHX in reducing aerobic and anaerobic CFUs, but blood agar plates for sample collection were positioned at different locations, the operator\'s mask, patient\'s chest and a distance of 9 feet from patient\'s mouth.

Preceding studies have already shown that the antiplaque property of AV is comparable to chlorhexidine.\[[@ref12][@ref17][@ref18]\] In the present study, there was no statistically significant difference in the number of CFUs between AV group and CHX group. However, the CFU count in AV group was lesser compared to PVP-I, which was statistically significant \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\]. This suggests that AV as preprocedural rinse is better than PVP-I and is comparable to CHX in reducing the CFU count.

The above-mentioned findings can be explained by the significant anti-inflammatory and anti-microbial properties of AV. AV inhibit the inflammatory process by the reduction of leukocyte adhesion and proinflammatory cytokines.\[[@ref21]\] It also inhibits the cyclooxygenase pathway and reduces prostaglandin E2 production, which plays an important role in inflammation.\[[@ref10]\] Anthraquinones, an active compound in AV is structural analog of tetracycline, and it inhibits bacterial protein synthesis by blocking the ribosomal A site.\[[@ref10]\] Pyrocatechol, a hydroxylated phenol in AV is toxic to microorganisms.\[[@ref22]\]

A higher number of mean CFUs was observed in the patient\'s chest area as compared to operator\'s chest area. Mean difference between the number of CFUs at two locations was found to be statistically significant (*P* \< 0.05) in all the three groups \[[Table 4](#T4){ref-type="table"}\]. Similar finding was also reported by Santos *et al*.\[[@ref6]\] and Gupta *et al*.\[[@ref23]\]

Bacterial identification of the predominant species was done from the same samples on both locations. Bacteria identified were Alpha-hemolytic streptococci, staphylococci, and Gram-negative bacilli. Sawhney *et al*.\[[@ref24]\] identified mixed group of microorganisms predominantly streptococci, staphylococci, pseudomonas, and aerobic spore-forming bacilli from aerosol. There are also studies employing advanced techniques for bacterial identification. Afzha *et al*.\[[@ref25]\] utilized 16S ribosomal RNA gene sequencing to identify *Streptococcus mutans* and *Staphylococcus aureus* from contact lenses of the dentist after scaling and root planing using ultrasonic scalers. Feres *et al*.\[[@ref26]\] recognized high proportions of bacteria belonging to purple, yellow, orange, and green complexes from splatter produced during ultrasonic scaling by means of checkerboard DNA-DNA hybridization.

This is the first attempt to evaluate the effect of AV as a preprocedural mouth rinse, and this novelty is the highlight of the study. The lack of randomization in patient allocation and not employing specialized culture techniques for bacterial identification are limitations to this study. Inability to maintain a completely sterile clinical environment, lack of fumigation of operatory also needs mentioning in this regard.

AV being an herbal product is economical and devoid of the side effects that chlorhexidine is associated with including staining, burning sensation, and alteration of taste perception. Furthermore, chlorhexidine and PVP on long-term use may result in bacterial resistance. According to the findings of the present study, AV was comparable to CHX in terms of its ability to reduce the CFUs in aerosol when employed as a preprocedural rinse in the nonsurgical management of patients with periodontitis. However, further randomized controlled clinical trials in various centers using large samples are needed to prove this effect.

CONCLUSION {#sec1-5}
==========

Within the limitations of the study, the following conclusions can be drawn: All the three rinses tested could reduce the aerosol load, 94.5% AV as a preprocedural rinse is comparable to 0.2% chlorhexidine and better than 1% PVP. It certainly warrants further randomized controlled clinical trials for a definitive conclusion.
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